In order to investigate whether 16s-23s ribosomal DNA (rDNA) spacer region length polymorphisms are suitable for identification of Corynebacterium strains at the species level, the 16s-23s rDNA intergenic spacer region lengths of 128 strains belonging to 11 Corynebacterium species were studied by a PCR-based method. The lengths of the 16s-23s rDNA spacer regions varied from 394 to 585 bp, fragment lengths which are similar to those described for other genera. A single PCR profile was obtained for each of the following species: Corynebacterium renale, Corynebacterium urealyticum, Corynebacterium diphtheriae, Corynebacterium ulcerans, Corynebacterium pseudodiphtheriticum, and Corynebacterium kutscheri. In contrast, two and three PCR patterns were detected for Corynebacterium minutissimum, Corynebacterium striatum, Corynebacterium amycolatum, and Corynebacterium jeikeium, suggesting that genomic heterogeneity occurs in these four species. The 16s-23s rDNA spacer region length polymorphisms allowed us to discriminate among C. minutissimum, C. striatum, and C. amycolatum, three species that are frequently isolated and misidentified in clinical laboratories. Type strain Corynebacterium xerosis ATCC 373, which exhibited a PCR pattern similar to that of C. amycolatum strains classified in PCR group I, could nevertheless be discriminated from PCR group I1 (C. amycolatum) strains, as well as C. minutissimum and C. striatum strains. Type strain C. xerosis ATCC 373 and C. amycolatum strains classified in PCR group I could not be distinguished from strains belonging to C. diphtheriae, C. ulcerans, and C. pseudodiphtheriticum. The lipophilic species C. urealyticum and C. jeikeium, which are frequently encountered in clinical specimens, could be clearly distinguished from each other by this method. The use of 16s-23s spacer region length data determined by PCR-mediated amplification is suitable for identification of several Corynebacterium species. This rapid and easy method may be a useful identification tool for clinical microbiologists.
Clinical laboratories frequently isolate Corynebacterium species from clinical specimens, and consequently interest in the genus Corynebacterium is increasing (16). This genus was initially created for the etiologic agent of diphtheria, Coiynebacterium diphtheriae (8). This species was later found to also be involved in cutaneous infections (21), endocarditis (30, 43) , septicemia (19), and osteomyelitis (37). It was thought that diphtheria had almost been eliminated by widespread immunization, but since the 1990s the number of cases of diphtheria reported from Eastern Europe, particularly Russia, has increased (6). Furthermore, cases of diphtheria have been reported recently in Norway (27, 32) and Italy (48) . Nevertheless, the human pathogen C. diphtheriae is infrequently encountered in clinical specimens compared to other Colynebacterium species, such as Corynebacterium amycolatum, Corynebacterium minutissimum, Coiynebacterium striatum, Corynebacterium jeikeium, Coiynebacterium urealyticum, and Coiynebacterium pseudodiphtheriticum (1 6). Endocarditis, septicemia, pneumonia, and urinary tract infections are the most common infections caused by these species (7, 10, 16) . Additional species or groups of corynebacteria recognized by the Centers for Disease Control and Prevention have also been found in clinical samples, but they are infrequently isolated, and the roles that some of them play in diseases are still unknown (16).
Various phenotypic and genotypic methods have been used to identify Coiynebacterium species. These methods include biochemical tests performed by conventional methods (28) or with the MI Coryne system (14, 18), cell wall analysis by thin-layer chromatography (2) or high-performance liquid chromatography (ll), and restriction analysis of the amplified 16s ribosomal DNA (rDNA) (45). However, some of these techniques are not suitable for routine use in clinical laboratories and are reserved for reference laboratories. Recent data have shown that clinical microbiologists frequently confuse C. amycolaturn, C. minutissimum, C. striatum, and Corynebacterium xerosis (2, 15, 16, 49, 50) . Misidentification of these organisms is not surprising, particularly when identification is based on the results obtained with the API Coryne system, a system which does not yet contain data for C. amycolatum in its database.
Analysis of the length polymorphism generated by PCRmediated amplification of the 16s-23s rDNA spacer regions has been used previously for rapid identification of species belonging to the genera Salmonella, Staphylococcus, Listeria, and Legionella (24, 26) . Moreover, this method seems to be a good tool for epidemiological studies, as demonstrated with Burkholderia (Pseudomonas) cepacia (29) and Clostridium difJicile (5). The purposes of this study were to investigate the length polymorphisms in the 16s-23s rDNA intergenic spacer regions of Coiynebacterium strains and to determine whether this method is a useful identification tool for clinical microbiologists. Culture conditions and biochemical tests. Corynebacterium strains were grown in an atmosphere containing 10% CO, at 37°C for 24 h either on Columbia agar (bioMCricux, Marcy I'Etoile, France) supplemented with 5% (vol/vol) sheep blood (bioMCrieux) or (for C. urealyticum and C. jeikeium strains, which require lipid for optimal growth [25, 401) on Columbia agar supplemented with 5% (vol/vol) sheep blood and 1 % (vol/vol) Tween 80 (polyoxyethylene sorbitan monooleate; Merck, Darmstadt, Germany).
MATERIALS AND METHODS

Bacterial
The Corynebacterium strains were identified by the conditions which resulted in growth, by colony morphology, by Gram staining, and by biochemical tests with the API Coryne system (bioMCrieux) and conventional methods. Since the commercial API Coryne system was not able to discriminate among C. minutissimum, C. xerosis, C. striatum, and C. amycolatum (16), all of the strains initially identified as C, minutissimum, C. xerosis, and C. striatum by the API Coryne system were checked by using the identification schemes recently described by Zinkernagel et al. (50) , Funke et al. (15, 16) , Wauters et al. (49) . Nitrate reductase production was tested by using Trypticase soy broth supplemented with 2 g of NaNO, per liter. After incubation for 24 to 48 h at 37"C, the presence of nitrite in the medium was detected by adding sulfanilic acid (0.8%, wt/vol; Merck) in 5 N acetic acid (Merck) and N-N-dimethyl-1-naphthylamine (0.6%, wt/vol; Merck) in 5 N acetic acid. A pink color indicated that nitrite was present; zinc powder, which reduces nitrate in nitrite, was added when no color was observed. Acid production from sucrose and maltose and a-glucosidase synthesis were determined by using chromogenic substrate tablets (Diatabs; Rosco, Taastrup, Denmark) incubated in 0.5 ml of a bacterial suspension with a turbidity equivalent to the turbidity of a McFarland no. 6 standard for 4 to 24 h at 37°C. The tyrosine hydrolysis test was performed on nutrient agar containing 0.5% (wtivol) L-tyrosine. DNase activity was tested on DNA agar plates (bioMCrieux) by flooding the plates with a 1 M hydrochloric acid solution after 4 days of incubation at 37°C. Mycolic acids were detected as described by Minnikin et al.
PCR amplification of the 16s-23s rDNA intergenic spacer regions. The oligonucleotide primers used for PCR amplification of the 16s-23s spacer regions have been described previously (26). Primer G1 (5'-GAAGTCGTAACAAGG-3'), which was selected from a highly conserved region in the 16s RNA gene, is located about 30 to 40 nucleotides upstream from the spacer region. Primer L1 (5'-CAAGGCATCCACCGT-3') contained the most conserved 23s sequence and is located about 20 nucleotides downstream from the spacer boundary.
A 1-pl loopful of bacteria grown on Columbia agar containing sheep blood was resuspended in 100 p.1 of distilled water. The bacterial suspension was incubated at 95°C for 15 rnin and centrifuged for 2 rnin at 7,600 X g. PCR amplification was carried out in a 100-pl (total volume) mixture containing 5 p.1 of the supernatant and 95 pl of a solution which contained 0.5 p.M primer G1, 0.5 pM primer L1, each of the four deoxynucleoside triphosphates (Pharmacia Biotech, Uppsala, Sweden) at a concentration of 200 p.M, 10 p1 of Gene Amp 1OX PCR buffer (Perkin-Elmer, Nonvalk, Conn.), and 2.5 U of AmpliTaq DNA polymerase (Perkin-Elmer).
PCR amplification was performed with a Crocodile I1 apparatus (Appligene, Illkirch, France). After an initial denaturation step consisting of 2 min at 94"C, the DNA was amplified for 25 cycles. Each cycle consisted of 1 rnin at 94°C (denaturation), 7 min at 47°C (annealing), and 2 min at 72°C (elongation). The last cycle was followed by a 7-min extension step at 72°C. To check that no contamination had occurred, a negative control containing distilled water instead of template DNA was included in each experiment. To investigate the reproducibility of the band pattern obtained by PCR amplification, two independent PCR amplifications were performed for each strain included in this study.
Analysis of PCR products. The amplified products were analyzed by electrophoresis in 2% (wt/vol) agarose gels (High Resolution; Sigma Chemical Co., St. Louis, Mo.) containing ethidium bromide (EtBr) (0.5 kg/ml) in 1 X Tris-borate-EDTA buffer (33). The PCR products were visualized by UV fluorescence. To calculate the lengths of amplicons, DNA molecular weight marker VI (Boehringer, Mannheim, Germany) was included on each gel in the edge lanes and every five lanes. To assess PCR reproducibility, the two separate PCR amplification mixtures prepared for each strain were run side by side on the same gel. The gels were photographed and scanned. The lengths of PCR products were calculated automatically by using the RestrictoScan and RestrictoTyper programs (P. A. D. Grimont, Taxolab, Institut Pasteur, Paris, France), and a mean size (2 standard deviation) was calculated for each strain. The mobility size errors from gel to gel were assessed with 14 Coiynebactenum strains for which (34). a Values are the means t standard deviations (n = 2 ) calculated from two separate amplifications.
PCR groups are described in Table 2 and in the text.
both independent amplification products were run not only side by side on the same gel, but also on two different gels; the mean sizes (t standard deviations) were calculated for both experiments and compared.
RESULTS
Evaluation of experimental conditions. The 16s-23s rDNA intergenic spacer regions were amplified twice for each Corynebacterium strain included in this study. The separate amplicons obtained for each strain were run side by side on the same gel, and the mean sizes and standard deviations were calculated. The standard deviations did not exceed 2 bp, indicating that the reproducibility of the method was good (Table 1) . For 14 Corynebacterium strains representing each species included in this study and each PCR group (see below) except C. xerosis and C. minutissimum PCR group 11, the independent amplicons were run side by side on the same gel, as well as on two different gels. A comparison of mean sizes that were calculated after the amplicons were run on the same gel and on two different gels revealed a maximum difference of 10 bp (Table  1 ). We concluded that the level of uncertainty in the calculated sizes of amplification products did not exceed 2%. In some cases, particularly for strains belonging to C. diphtheriae, C. amycolatum, C. minutissimum, and C. striatum, weaker and unreproducible amplification products in the 600-to 1,500-bp size range were also observed. These fragments could be generated with primer L1 alone but not with primer G1 alone. Because these fragments were unreproducible, they were not considered in the comparison of amplification profiles.
PCR patterns of Corynebacterium strains. The lengths of PCR products are summarized in Table 2 , and representative examples of the 16s-23s amplification products are shown in Fig. 1 .
A single amplified fragment, referred to as the primary fragment in Table 2 , was obtained for each strain belonging to C. renale, C. urealyticum, C. diphtheriae, C. ulcerans, C. pseudodiphtheriticum, and C. kutscheri. Since the PCR product lengths were identical for all of the strains belonging to the same species, a unique PCR group was defined for each of these six species. As shown in Table 2 , the mean size of the amplified fragment varied from 394 2 3 bp for C. renale to 499 -+ 7 bp for a The reference strain of a species is indicated only when there were several bValues are the means -t standard deviations (n = 2 to 28); two separate PCR groups in the species.
amplifications were performed for each strain.
A PCR product was obtained for only one strain. For two strains, this fragment had the same fluorescence intensity in EtBrstained agarose gels as the primary fragment.
C. kutscheri. Strain ATCC 373T, a representative of C. xerosis, also produced a single PCR fragment, at 455 bp.
The strains of C. amycolatum, C. striatum, C. minutissimum, and C. jeikeium did not produce identical PCR profiles. Consequently, the strains belonging to C. amycolatum, C. striatum, and C. minutissimum were divided into two PCR groups and the strains belonging to C. jeikeium were divided into three groups on the basis of the number of PCR products and their lengths ( Table 2) . A total of 15 C. amycolatum strains (65%) were classified in PCR group I, and the other 8 clinical isolates (35%) were classified in PCR group 11. All of the PCR group I and I1 strains except two produced a single amplified fragment, at 463 t 5 and 476 ? 5 bp, respectively. An additional fragment that was 488 to 493 bp long was produced by two strains, one belonging to PCR group I and the other belonging to PCR group 11. This additional fragment is referred to in Table 2 as a primary fragment as its fluorescence intensity in EtBr-stained agarose gels was identical to that of the other amplified fragment.
C. striatum strains produced a primary amplified fragment that was either 497 2 5 bp long (C. striatum PCR group I) or 539 ? 4 bp long (C. striatum PCR group 11). It should be emphasized that an additional fragment (489 ? 6 bp) with equal or less intensity after EtBr staining was observed with all of the strains classified in PCR group 11. An additional 538-bp fragment was generated by only one strain belonging to PCR group I. Type strain NCTC 764 and seven clinical isolates (50% of the C. striatum strains) belonged to PCR group I, whereas reference strain CDC 5333 and seven other clinical isolates were classified in PCR group 11.
16s-23s spacer region amplification from C. minutissimum type strain ATCC 23348 generated two PCR products that exhibited identical intensities after EtBr staining; these products were at 585 and 566 bp. Both clinical isolates belonging to this species were classified in a separate group (PCR group 11) since the lengths of the amplicons generated were 539 t 4 bp; one of these strains produced an additional fragment at 573 bp.
With the exception of one strain which exhibited two PCR products, all of the C. jeikeium strains (96%) produced a single amplified fragment at either 494 2 6 bp (C. jeikeium PCR group I), 521 5 2 bp (C. jeikeium PCR group II), or 534 bp (C. jeikeium PCR group 111). Reference strain CIP 103337T and 20 clinical isolates (81% of the C. jeikeium strains) were classified in C. jeikeium PCR group I, whereas C. jeikeium PCR groups I1 and I11 contained four and one clinical isolates, respectively.
DISCUSSION
A PCR-based strategy for studying the length polymorphisms of the 16s-23s rDNA spacer regions has been useful for both epidemiological (5, 29) and taxonomic (3, 22, 24, 26, 46) investigations. In this study, the 16s-23s rDNA spacer regions of 128 Corynebacterium strains representing 11 species were studied by PCR-mediated amplification by using oligonucleotide primers G1 and L1 as previously described by Jensen et al. (26) .
The lengths or nucleotide sequences of the 16s-23s rDNA spacer regions of Corynebacterium strains have not been determined so far, and the numbers of rRNA operons per genome are not even known. Consequently, the lengths of amplification products could not be predicted. In this study we showed that the lengths of the 16s-23s rDNA spacer regions in the genus Coyzebacterium, which varied from 394 bp to 585 bp, are similar to the lengths described for members of other genera (1, 4, 17, 20, 31) .
Six of the 11 Corynebacterium species included in this study, C. renale, C. urealyticum, C. diphtheriae, C. ulcerans, C. pseudodiphtheriticum, and C. kutscheri, each produced a single PCR pattern, and each profile was characterized by a single arnplification product. This result supported the hypothesis that there is genomic homogeneity in these six species. C. diphtheriae strains have been classified, on the basis of cultural and biochemical characteristics, into four biotypes named biotypes gravis, mitis, intermedius, and belfanti (7). The results of DNA-DNA hybridization experiments suggested that biotypes mitis, gravis, and intermedius are closely related genomically, and type strain CIP 100721 (biotype mitis) exhibited more than 90% DNA similarity with strains belonging to biotypes mitis, gravis, and intermedius (41). However, the results of several investigations, which were based on analyses of DNA restriction fragment length polymorphisms with different DNA probes, such as probes for different areas of the toxin gene (35), insertion elements (38), phage attachment sites, and corynebacteriophage p DNA (9), or an rRNA probe (12), revealed diversity among the biotypes. With the method used in this study we were not able to detect polymorphism among the 28 C. diphtheriae strains, examined, which were isolated between 1982 to 1988 from different geographical regions and belonged to different biotypes, and consequently this method is not useful for epidemiological investigations and for identification of biotypes. Some modifications of this method, such as restriction endonuclease analysis of amplification products or amplification with another set of primers which would produce fragments that might contain polymorphisms, might allow it to be used either for differentiation of biotypes mitis, gravis, and belfanti (biotype intermedius is easily distinguished on the basis of colony morphology [16] ) or for epidemiological investigations, as previously suggested for other organisms, such as Burkholderia (Pseudomonas) cepacia (29) or Clostridium dijicile (5). Differentiation of the biotypes of C. diphtheriae has lost its relevance since the relationship between severity of disease and biotype is no longer valid (5). However, due to the resurgence of diphtheria in Eastern Europe, a PCR-based subtyping method for C. diphtheriae would provide significant advantages over other molecular typing methods which require DNA extraction and DNA-DNA hybridization. The results of the analysis of the rRNA gene restriction fragment polymorphisms (ribotyping) of 46 clinical isolates suggested that C. urealyticum represents a homogeneous taxon and that there is a low level of rRNA gene polymorphism in this species (42). This finding was supported by the results of the DNA relatedness experiments performed by Riegel et al. (40) , who showed that the levels of DNA relatedness of 21 C. urealyticum strains varied from 82 to loo%, which indicated that these strains constitute a tight DNA hybridization group. Our results confirmed these previously reported observations since the 13 strains studied, which were isolated between 1982 and 1988 in different hospitals, produced identical PCR profiles.
Inversely, four species, C. amycolatum, C. striatum, C. minutissimum, and C. jeikeium, which are frequently isolated from clinical samples, exhibited genomic heterogeneity, and several PCR profiles were obtained for each species. A higher level of heterogeneity was observed for C. jeikeium, for which we identified three PCR groups; two PCR groups were identified for the other three species. These results were not surprising since heterogeneity has previously been reported in each of these species. C. jeikeium, which was formerly named Corynebacterium group JK, was delineated by Jackman et al. (25) on the basis of DNA similarities and patterns of cellular proteins; however, genomic divergence from the type strain was found for some strains. Pitcher et al. (36) observed considerable rRNA gene polymorphism in this species as determined by an analysis of rRNA restriction fragments. The level of similarity for the 26 strains studied is only 30%. Hindmarch et al. (23) showed by pyrolysis-mass spectrometry that C. jeikeium strains could be classified into six groups. This genomic diversity among C. jeikeium strains was later confirmed by Riegel et al. (39) , who described four DNA groups by using DNA-DNA hybridization. In their study, the levels of DNA relatedness of C. jeikeium strains with type strain CIP 103337 ranged from 22 to 75%. However, Riegel et al. concluded that C. jeikeium strains may be classified in a single taxon due to their common biochemical properties and antimicrobial susceptibility patterns. In our study, strains previously classified by these authors in DNA groups A, B, and D exhibited identical amplification patterns and were classified with 17 additional strains in C. jeikeium PCR group I, while two DNA group C strains and two other clinical isolates belonged to C. jeikeium PCR group 11. Therefore, 16s-23s rDNA spacer region amplification with oligonucleotide primers L1 and G1 allowed us to distinguish C. jeikeium DNA group C from type strain CIP 103337 (DNA group A) and C. jeikeium DNA groups B and D. No biochemical test allows differentiation of the four DNA groups; nevertheless, penicillin susceptibility patterns seem to allow differentiation among the DNA groups, since type strain CIP 103337 (DNA group A) and DNA group B strains exhibit high levels of penicillin resistance (MIC, >64 kg/ml), while DNA group C and D strains exhibit low levels of penicillin resistance (MIC, 1 to 4 kg/ml) (39). According to our data and the data reported by Riegel et al. (39) , C. jeikeium DNA groups C and D could be differentiated from each other or from C. jeikeium DNA groups A and B by amplification of the 16s-23s rDNA spacer regions with primers L1 and G1 and by antimicrobial susceptibility tests. Currently, there is no method for differentiating between C. jeikeium DNA groups A and B.
C. amycolatum, C. striatum, and C. minutissimum were also heterogeneous according to our results. Recently, Zinkernagel et al. (50) showed that the heterogeneity within C. minutissimum, previously reported by Estrangin et al. (13) and Van Bosterhaut et al. (44) , might be explained by misidentification of strains (C. minutissimum was confused with C. amycolatum). The results of our study of the 16s-23s rDNA spacer region lengths allow us to place C. minutissimum strains in two Zinkernagel et al. (50) ; thus, it is improbable that the difference from the type strain was due to misidentification of the strains. Moreover, the PCR pattern obtained for both strains was clearly different from the PCR patterns obtained for C. amyculatum. Thus, our results supported the hypothesis that there is genomic heterogeneity within C. minutissimum. The heterogeneity within C. striaturn might also be explained by misidentification of C. amycolatum as C. striatum (16). Identification of strains with recently proposed identification schemes (16, 49, 50) and the fact that the PCR patterns of the two species did not overlap disproved this hypothesis and confirmed the heterogeneity of C. striatum (7).
Identification of Corynebacterium strains to the species level, especially identification of C. minutissimum, C. striatum, C. xerusis, and C. amycolatum strains, is a difficult task for clinical microbiologists. This is proven by numerous reports which have shown that C. amycolatum is misidentified as C. minutissimum, C. striatum, or C. xerosis (2, 15, 16, 49, 50) . As shown in Table 2 , amplification of the 16s-23s rDNA spacer regions with primers G l and L1 allowed us to clearly differentiate C. minutissimum strains from strains belonging to the three other species. Although the strains classified as members of C. minutissimum PCR group I1 and C. striatum PCR group I1 produce an identical 539-bp PCR product, C. striatum PCR group I1 strains can be identified by their additional 489-bp fragment (Table 2 ). This PCR strategy also allowed us to distinguish C. striatum strains from C. amyculatum and C. xerosis. However, C. amyculatum and C. xerusis could not be differentiated clearly, since C. xerusis ATCC 373T produced a PCR profile similar to the PCR profiles obtained for strains classified in C. amycolatum PCR group I. Consequently, in this case, microbiologists should take colony morphology into account to eliminate this ambiguity (16). They should also keep in mind that C. xerusis is extremely rare in clinical samples (16). The other nonlipophilic species, C. renale, is rarely encountered in human clinical samples (16) and produced a PCR profile clearly distinguishable from the PCR profiles of the 10 other species included in our study. However, the strains classified in C. striatum PCR group I and strains belonging to C. kutscheri produced identical PCR profiles. However, it should be emphasized that C. kutscheri is pathogenic for animals but not for humans and that several biochemical characteristics can be used to differentiate these two species (16). C. diphtheriae, C. ulcerans, C. pseudodiphtheriticum, C. xerosis, and C. amycolatum (strains classified in PCR group I) produced similar PCR patterns. As mentioned above, colony morphology allows workers to distinguish C. xerosis and C. amycolatum from each other and also from C. diphtheriae, C. ulcerans, and C. pseudodiphtheriticum (16). It should be emphasized that several biochemical tests allow easy distinction of C. diphtheriae, C. ulcerans, and C. pseudodiphtheriticum (1 6).
The lipophilic corynebacteria C. jeikeium, C. urealyticum, and C. diphtheriae biotype intermedius, which require lipid for optimal growth, can be easily distinguished from the nonlipophilic corynebacteria on the basis of colony morphology (16). The PCR profiles of the lipophilic species C. jeikeium were clearly different from those of the other two lipophilic taxa, C. urealyticum and C. diphtheriae biotype intermedius. However, the PCR profiles of C. urealyticum and C. diphtheriae biotype intermedius were similar. Nevertheless, biochemical tests, such as nitrate reduction and urease production, allow workers to distinguish C. urealyticum from C. diphtheriae biotype intermedius (16). Moreover, knowledge of clinical symptoms may help the microbiologists to identify these two species and to alleviate ambiguities.
In conclusion, our study of the length polymorphisms of the 16s-23s rDNA spacer regions by PCR-mediated amplification with primers G1 and L1 (26) showed that C. renale, C. urealyticum, C. diphtheriae, C. ulcerans, C. pseududiphtheriticum, and C. kutscheri are homogeneous taxa, while C. amycolatum, C. striatum, C. minutissimum, and C. jeikeium are heterogeneous. Analysis of these length polymorphisms may also be used for identification of strains at the species level in most cases. It has to be emphasized that this method allows workers to discriminate C. amycolatum, C. striatum, C. minutissimum, and C. xerosis, which are frequently confused in clinical laboratories. Consequently, this method, which is easy to perform in clinical laboratories since no restriction analysis of PCR products is necessary and agarose gel electrophoresis results in sufficient resolution for differentiation, is a useful tool for microbiologists. Identification of corynebacteria to the species level is worthwhile in order to detect unsuspected species, to identify previously undescribed species, and to ascribe potential pathogenicity to species thought to be nonpathogenic (47).
